Coatsworth argued that study of change over time in physical or spiritual well-being is the central unifying concern of history. While one may quibble with the generalization, any reasonable time and motion study would find that historians devote most of their research efforts to gathering, organizing, interpreting and disseminating information on human welfare or the quality of life broadly defined. A thorough explanation for this pattern is beyond the scope of this essay, but some observations are relevant. Paleopathology, or the study of human health and disease from skeletal remains is a relatively new field, emerging among specialists only in the middle of the twentieth century, and has yet to spread more widely in the social sciences. The technical nature and focus of the subject are obstacles to diffusion; as graduate students, physical anthropologists are trained in anatomy and skeletal biology, which are typically beyond the interests or reach of other social scientists. Moreover, physical anthropologists often think like medical professionals, wanting to discover purely biological processes that create pathological lesions or to diagnosis ailments of individuals long dead. They usually lack the training that offers the broad perspective of social scientists interested in larger environmental processes that shape community 2 health, much less long-term historical forces that affect the rise or fall of civilizations and so forth.
In his presidential address to the American Historical Association, John
Coatsworth argued that study of change over time in physical or spiritual well-being is the central unifying concern of history. While one may quibble with the generalization, any reasonable time and motion study would find that historians devote most of their research efforts to gathering, organizing, interpreting and disseminating information on human welfare or the quality of life broadly defined. 1 Human welfare is conceptually complex and difficult to measure, even today.
Accurate measurement of inflation is a case in point. If the consumer price index overstates the increase in the true cost of living by as little as one percentage point per year (as many economists have argued), then the cumulative addition to the national debt from overindexing the federal budget is more than $1 trillion in just 12 years. The error also substantially affects the measurement of poverty and of real median income in the quarter century after 1973. If this issue about a modest slice of physical well being cannot be resolved without argument, it is little wonder that debates are intense about the distant past, when written evidence is thin and surveys collected by government and private efforts are simply unavailable. 2 Under these conditions the less venturesome may throw up their hands and avoid research areas lacking familiar types of written information, but this approach is unsatisfactory as a general rule. Sometimes we should face the risks and make the effort to cross traditional disciplinary boundaries in search of new evidence, especially if it enlightens opinion on intriguing topics that are meager in customary sources.
This paper makes such a journey, bringing substantial new evidence to bear on a literature characterized by an unusually high ratio of debate to factual information: physical well being in pre-Columbian America. The new data measure health as seen from the skeletal remains of over 4,000 individuals who lived in North, Central or South 1 America in the millennia before 1492. Because skeletons are an unfamiliar source to most social scientists, a methodology section allows the paper to be moderately self contained. A novel procedure for condensing diverse skeletal data into a single measure of health is also described. The results have implications for understanding of the environmental determinants of health, the pre-Columbian disease environment, plausible ranges of pre-contact population size, and the pattern of European conquest.
Background
Economists have contributed, but archaeologists, physical anthropologists and historians have published the bulk of the academic research on pre-Columbian America.
Archaeological information such as material artifacts or the number and character of Native American settlements is often cited by historians, but bioarchaeological evidence (skeletons that indicate kinds and degrees of biological stress) are essentially unknown in the historical literature. 3 A thorough explanation for this pattern is beyond the scope of this essay, but some observations are relevant. Paleopathology, or the study of human health and disease from skeletal remains is a relatively new field, emerging among specialists only in the middle of the twentieth century, and has yet to spread more widely in the social sciences. The technical nature and focus of the subject are obstacles to diffusion; as graduate students, physical anthropologists are trained in anatomy and skeletal biology, which are typically beyond the interests or reach of other social scientists. Moreover, physical anthropologists often think like medical professionals, wanting to discover purely biological processes that create pathological lesions or to diagnosis ailments of individuals long dead. They usually lack the training that offers the broad perspective of social scientists interested in larger environmental processes that shape community 2 health, much less long-term historical forces that affect the rise or fall of civilizations and so forth.
Typically physical anthropologists are poorly equipped or otherwise constrained to convince historians of the importance and relevance of their evidence. Their research projects are very labor intensive, involving travel, difficult lodging (sometimes in tents); many hours of excavation to recover a single burial; plus cleaning, coding and analysis of skeletons and other artifacts such that study of one, or at most a few, small geographic sites often occupy an entire career. In short, they not only have little training but also little time and data with which to think in broad comparative perspective.
The field is also burdened by its distant past. If social scientists are mildly acquainted with physical anthropology, they often connect it with racism, phrenology or other forms of discredited pseudo-scientific research. This mental association is decaying over time as new generations are trained, but memories linger and most social scientists must be persuaded that the subject is useful. In this regard, there are some parallels with the challenges faced by anthropometric history in the 1970s, which prospered only after this new field explained its methodology in terms intelligible to social scientists and successfully addressed several historical questions in which there was already an established interest. 4 This essay vastly extends the reach of anthropometric history by expanding the information base to skeletons, which depict important aspects of well being over the millennia and embrace human activities from hunter gathers onward to settled agriculture, the rise of cities, global exploration and colonization, and eventual industrialization. Skeletons are widely available for study in many parts of the globe, and unlike heights, they depict health over the life cycle. As a package the skeletal measures provide age and source-specific detail on biological stress from early childhood through 3 old age. The remains also exist for women and for children, two groups often excluded from more familiar historical sources such as tax documents, muster rolls, and wage records. Skeletons provide a more extensive and complete picture of community health than available from historical records on stature and is most useful when combined with data from archaeology, historical documents, climate history, Geographic Information Systems (GIS) and other sources.
The results discussed here extend a large collaborative project involving economists, historians and physical anthropologists, who assembled numerous measures of skeletal health for individuals who once lived in the Western Hemisphere. Sampling issues inevitably arise in the comparative study of skeletons and there are ambiguities in interpreting this biological evidence. Confidence in the approach is bolstered, however, by comparing results with patterns of health that are well established from other sources.
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Measures of Biological Stress
It is useful to begin with a general discussion of skeletal manifestations of stress.
Unlike dental enamel, bones are living tissues that receive blood and adapt to mechanical and physiological stress. Habitual physical activity that requires exertion leads to a readily visible expansion of the related muscle attachments on the skeleton. The building process, articulated over a century ago by Julius Wolff, is rapid for growing children but also occurs among adults, albeit at a slower rate. If the action is repetitive in a particular direction, the bones adapt to the load by thickening in the direction of the plane of motion. Hunter-gatherers who walked long distances, for example, had oval-shaped femurs but these bones were nearly circular among settled agriculturalists that had diverse activity patterns. Similarly, professional athletes such as tennis players and baseball pitchers develop extensive muscles, tendons and bones in the shoulders and arms on the side they habitually use. 6 Net nutrition has been a useful concept for understanding the environmental factors that influence human growth. The body is a biological machine that requires fuel for basal metabolism, to perform work and to combat infection, all of which claim dietary intake. If net nutrition is insufficient, child growth slows or ceases, and linear growth of the skeleton is stunted if the deprivation is chronic and severe. More generally the skeleton is an incomplete but very useful repository of an individual's history of biological stress, as explained below. 7 In principle, anthropologists could use any bone to estimate stature but the femur is often well preserved, is easily measured, and comprising about one-quarter of standing height, this bone has the greatest correlation with stature. The classic study estimated the relationship between the two variables using femur lengths of the deceased whose living height was known from muster rolls or other sources. The equations vary somewhat by sex (females are a few centimeters shorter than males for a given femur length), and accurate height estimates require anthropologists to draw upon sexually dimorphic characteristics of the pelvis and the skull that appear in adolescence. Growth plates obfuscate the bone lengths of juveniles, and height estimates are correspondingly problematic until the bony components of the femur fuse late in the teenage years. 8 As a group, physical anthropologists collect hundreds of skeletal measures, many of which are very specialized in nature and some of which reflect rare or unusual forms of physiological stress. In designing a study of community health with a large number of collaborators, it is important to select general health indicators that are understood and reported by virtually all physical anthropologists, regardless of specialty. In a large collaborative study that investigated skeletal health over the past several thousand years, these included three indictors of health during childhood (stature, linear enamel defects, and skeletal signs of anemia), two measures of decline among adults (dental decay and degenerative joint disease), and two that could affect any age group, but which are more prevalent among older children and adults (skeletal infections and trauma). Stature has already been discussed as a child health indicator, and the others are briefly explained below. 9 Enamel hypoplasias (linear enamel defects). Hypoplasias are readily visible lines or pits of enamel deficiency commonly found in the teeth (especially incisors and canines) of people whose early childhood was biologically stressful. They are caused by disruption to the cells (ameloblasts) that form the enamel. The disruption is usually environmental, commonly due to either poor nutrition or infectious disease or a combination of both. Although nonspecific, hypoplasias are informative about physiological stress in childhood in archaeological settings.
Indicators of iron deficiency anemia (porotic hyperostosis and cribra orbitalia).
Iron is essential for many body functions, such as oxygen transport to the body's tissues.
In circumstances where iron is deficient-owing to nutritional deprivation, low body weight, chronic diarrhea, parasite infection, and other factors-the body attempts to compensate by increasing red blood cell production. The manifestations are easily visible in the skeletons of young children in areas where red blood cell production occurs, such as in the flat bones of the cranium. The associated pathological conditions are sieve-like lesions called porotic hyperostosis and cribra orbitalia for the cranial vault and eye orbits, respectively. The lesions can also be caused by other factors, but iron deficiency is among the most common causes. In infancy and childhood, iron deficiency anemia is associated with impaired growth and delays in behavioral and cognitive development. In adulthood, the condition is associated with limited work capacity.
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Dental health. Dental health is an important indicator both of oral and general health, which is assessed in archaeological skeletons from dental caries, antemortem tooth loss, and abscesses. Dental caries is a disease process characterized by the focal demineralization of dental hard tissues by organic acids produced by bacterial fermentation of dietary carbohydrates, especially sugars. In the modern era, the introduction and general availability of refined sugar caused a huge increase in dental decay. In the more distant past, the adoption of agriculture led to a general increase in Trauma. Fractures, weapon wounds, and other severe injuries often create bone malformations that provide a record of accidents or violence. The visible record understates the actual level of trauma, however, because some forms do not involve the skeleton and even then healing might hide the injury. The latter occurs more often for children, who rapidly form new bone that can hide scars, and for breaks in which the bones happen to realign well. In preindustrial societies that lacked X-rays, plaster casts and other devices such as pins or screws, however, the chances were slim for alignment that was both excellent and durable enough for healing without visible scars. The pattern of scars differs for accidents versus deliberate trauma. Violence often registers on the top or back of the head, the face, the forearm (raised to deflect a blow from above), or the back. Other forms include cut marks, bullet holes and embedded arrow points.
Accidental injuries, common as ankle and wrist fractures, often reflect difficulty of terrain or the hazards of specific occupations. Deliberate skeletal trauma provides a barometer of domestic strife, social unrest, and warfare.
Two Dimensions of Health
Demographers and medical professionals agree that length of life and morbidity are central elements of health. The methodology for measuring life expectancy at birth was refined during the nineteenth century, but much less agreement exists on principles for the second. While death is usually well defined, morbidity is much less precise. The incidence of various chronic diseases, days lost from school or work, and assessments of 8 physical capacity are used, but all have conceptual limitations. Moreover, gathering reasonably comprehensive and accurate morbidity information is often time-consuming and expensive. Significant progress on the problem may be made eventually by using devices that transmit information from receptors implanted in or on the body. Figure 1 illustrates the principles involved in measuring health. The horizontal axis measures length of life and is conceptually straightforward. The vertical axis simplifies by compressing the diverse aspects of morbidity into a single number scaled from 0.0 (death, or total incapacitation) to 1.0 (complete absence of disability). Medical examinations could be used to rate individuals on the morbidity scale. In the example if Figure 1 , the person suffers a major illness in early childhood but thereafter is substantially free of morbidity impediments until old age. Average life-time health can be measured by the shaded area under the curve, which is similar to the concept of quality-adjusted life years that is used in the health economics literature. Community health can be tabulated as the average of quality-adjusted life years across individuals. 10 How well do skeletons capture the two elements of health? At most localities or burial sites, an incomplete but useful picture is available for the vertical axis (morbidity), which can be adjusted for the age distribution of deaths, as discussed below for the health index. Life expectancy is more problematic. In a stationary population (one neither growing nor shrinking) life expectancy equals the average age at death, but confirming stationary conditions may be difficult from available archaeological or historical information. More generally, the average age at death is affected by the birth rate and by migration. A high birth rate, for example, creates a young age distribution and therefore relatively more deaths among children (the very young have high death rates), biasing the average age at death downward as a measure of life expectancy. The life table corrects for this problem by basing calculations on age-specific death rates (the ratio of deaths in 9 an age group to the number of people in that age group) which unfortunately are unknown in most skeletal samples because the number of people who were alive at each age (the denominator) typically is unavailable. At a minimum, estimates of life expectancy are hazardous without good contextual information from archaeology and other sources, but even then one may lack reliable methods to estimate birth rates or migration rates from the available evidence. This is an important frontier of research in paleodemography.
Lack of information on life expectancy is less limiting than it might appear for the study of health, however. To the extent that morbidity and mortality are positively correlated, then one (in the case of skeletal lesions, morbidity) provides information about the other such that health can be ranked across localities or time periods based on morbidity alone. Measuring the relationship between morbidity and mortality is a major research need, but progress has been slow in part because morbidity is difficult to measure consistently. Sickness rates among U.S. army troops stationed in the continental United States, however, was positively and substantially related to mortality during the first half of the twentieth century. Crude estimates of life expectancy obtained from skeletons in the Western Hemisphere project was inversely related to chronic morbidity across 50 localities. While one can argue that morbidity and mortality should be positively related, the correlation might not be huge; they are distinct aspects of health which can be affected somewhat differently by technological and socio-economic forces.
Thus, skeletal lesions are useful but furnish an imperfect picture of health.
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Skeletons are good at summarizing several types of chronic morbidity, with the exception of various soft-tissue conditions such as hernias or torn ligaments.
Degenerative joint disease and dental decay often develop over many years, and both have adverse functional consequences. DJD is painful and limits mobility, whereas dental decay limits the ability to chew and digest a coarse diet, which impairs net nutrition, weakens the immune system, and increases vulnerability to illness. Skeletal signs of anemia (cribra orbitalia and porotic hyperostosis) usually appear early in childhood and the adverse environmental conditions that created these bony malformations tend to persist thereafter. Skeletal infections are often painful and signal a weakened immune system that can lead to illness and functional loss. Broken bones and weapon wounds are painful and require time to heal, and the loss of mobility or dexterity associated with them can be permanent if they heal in a misaligned fashion.
Stunting and linear enamel hypoplasias (LEH) are not direct measures of morbidity, but they signal a loss of functional capacity. Hunger is painful and limits physical activity in the fashion of anemia, and hypoplasias are usually the direct result of severe bouts of disease or malnutrition in early childhood. These skeletal lesions therefore index various types of morbidity.
Sampling Issues
Physical anthropologists may have little control over the location and extent of excavations that result from a development project that clears a small plot of ground.
With the exception of the removal of entire cemeteries containing reasonably closed populations, one can seldom argue that skeletons represent an entire society. Many collections in Europe, for example, are disproportionately from cities and towns, where much construction has occurred relative to rural areas.
These constraints are a hindrance but far from disabling. In formulating a large comparative project involving numerous sites, one may stratify for representation from rural and urban areas. Post-weighting samples is a second option. As discussed below, one may sidestep age bias by converting information to age specific rates if the age distribution of deaths has been skewed by fertility, migration, or excavation.
Community Health
Numerous simplifying assumptions and approximations are required to distill diverse skeletal data into a single number for comparative ranking and study of populations. Ideally both life expectancy and morbidity would be available, so that one might roughly approximate a measure such as quality-adjusted life years. For various reasons, such as incomplete excavation of burials, migration, or unmeasured differences in fertility rates, however, many sites in the collaborative project lack reliable estimates of life expectancy. Therefore the health index discussed here incorporates only morbidity as expressed in the frequency and severity of skeletal lesions, but the index could easily be adapted to incorporate length of life. A positive correlation between morbidity and mortality is likely, however, which mitigates the lack of data on life expectancy in ranking health. This formulation of the index underestimates the true variation in health (as measured by quality adjusted life years) across sites. 12 The index was estimated using the following sequence of steps:
(1) For each individual, the seven skeletal measures of morbidity discussed above were graded on a scale of 0 (most severe expression) to 100 (no lesion or deficiency).
Thus, a higher score indicates better health.
(2) Age-specific rates of morbidity pertaining to the health indicators during childhood (stature, LEH and anemia) were assumed to have persisted from birth to death, which is justified by knowledge that childhood deprivation negatively affects adult health. The duration of morbidity prior to death is in fact unknown for the remaining four components (infections, trauma, DJD, and dental decay) but it is clear these skeletal lesions reflect chronic conditions that typically persisted for several years. While the durations are the subject of ongoing research, on a provisional basis they were assumed to have existed for 10 years prior to death. 13 (3) The age-specific rates for each of the seven attributes of the index were calculated as ratios in which the numerator equals the average grade or score at a particular age and the denominator equals the number of person years of morbidity observed at that age. Results were grouped into age categories of 0-4, 5-9, 10-14, 15-24, 25-34, 35-44 and 45+.
(4) The age-specific rates for each attribute were weighted by the relative number of person-years lived in a reference population (Model West level 4) that is believed to roughly agree with pre-Columbian mortality conditions in the Western Hemisphere. The results were multiplied by life expectancy in this reference population and expressed as a percent of the maximum attainable, which corresponds to a complete lack of skeletal defects or lesions. This procedure effectively denudes the health index of true differences in life expectancy because all populations are assumed to have had the same age-specific death rates.
having both a skeletal infection and trauma, for example, could have been worse than the sum of their independent effects on health. The present state of knowledge does not permit the imposition of justifiable interaction effects.
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A Test of the Index Methodology
Comparing results with patterns well established in historical studies is a useful technique for assessing the health index as a work in progress. Settlement size is a suitable category because a great deal is known about it from historical records. Prior to effective public health measures near the end of the nineteenth century, urban areas were notoriously unhealthy. Large, permanent concentrations of people led to the accumulation of waste that harbored parasites detrimental to health. Close contact, often in crowded places of living or work, readily spread many diseases. In addition, cities usually had substantially unequal distributions of wealth and power-and therefore large differences in access to resources and in work effort, which were important for health.
These same processes affecting health likely existed in the pre-Columbian world. Other things being equal, one would expect the more mobile, less densely settled populations to have been healthier than those living in paramount towns or urban areas. That the health index systematically declined with increasing settlement size is welcome news for the methodology. The index has passed an important preliminary test,
suggesting it is credible even in its crude form. Presumably refinements in the methodology will sharpen the quantification of important aspects of health.
Long-Term Trend
An interesting pattern emerges from arranging the evidence by average age of the sites. The connection between ecological variables and the health index was studied using a sequence of simple regressions, one for each ecological variable, which are given in Table 1 . Although the resulting coefficients may suffer from omitted variable bias, which is discussed below, the procedure is nevertheless useful for assessing determinants of health. As expected, settlement size had a substantial and systematic negative impact, with the health index of the largest settlements falling nearly two standard deviations below that of mobile groups (hunter gathers). The index was also substantially and systematically affected by use of domestic plants, living at higher elevations, in open forest or grassland, or away from coastal areas.
The last regression in the table sheds light on the issue of multicollinearity, or high correlation of the explanatory variables. The R 2 is much higher (0.68) in the multivariate case but only one of the independent variables (elevation) was statistically significant, whereas each variable was significant in the simple regressions. The most effective solution is to obtain more diverse data, i.e. sites where environmental change did not occur as a package. Thus, despite having the largest data set of its kind ever assembled, the desired effects are not measurable with precision. Even though the individual coefficients are imprecisely estimated, however, it is safe to conclude that some combination of changing environmental conditions led to deteriorating health within the sample. In the multiple regression, the coefficient on the time trend (age BP)
is much smaller (0.0013 versus 0.0025) than in the simple regression and it is statistically insignificant when controlling for ecological factors. 20 Additional work is required to learn more about which environmental changes may have been important in explaining the pre-Columbian decline in health. For this purpose the sample was divided into two roughly equal parts: early (pre 1500 BP) and late (post 1500 BP). Table 2 gives the sample means of the health index and of the important ecological variables in these two time periods. Between the early and the late period, the health index declined from 74.20 to 66.46, a difference of 7.74 points.
Importantly, all ecological variables changed in a direction adverse to health: People moved to higher elevations, out of mobile groups, into open forest-grassland habitats, used more domestic plants, and left coastal areas. Column 4 of Table 2 shows that the largest move (a shift of 0.485) was into open forest-grassland areas, and by multiplying this shift by the coefficient in the simple regression (-8.39), we obtain a measure of the impact of this change on the health index (-4.07 points). Column 6 of Table 2 
Components of the Health Index
The health index is an additive measure, which makes it easy to decompose and analyze its components, an effort facilitated by knowledge that many of its components are age or cause-specific. Hypoplasisas of the permanent incisor and canine teeth (the ones most commonly affected) are formed in early childhood (typically from ages 1.5 to 4.5), for example, and their presence indicates a poor diet and/or substantial exposure to disease. To the extent that young children did not work, these lesions are insulated from its effects on systemic physiological stress. Signs of anemia (porotic hyperostosis and cribra orbitalia) also reflect nutritional stress in early childhood (birth to age 5), but the causes are usually quite specific: lack of iron in the diet or the presence of parasites that absorb iron. These environmental causes often persist into adulthood. The third childhood indicator (stature) is sensitive to dietary and disease conditions in early childhood but also incorporates the negative consequences of work (other things being equal) throughout the growing years.
Several factors may affect the prevalence of dental disease, consisting of caries, tooth loss and abscesses. Although archaeological research has implicated tooth shapes and minerals in the local water (presence or absence of fluoride), as well as coarse foods and grit that erode teeth, the phenomenon has been consistently linked to diet across diverse environmental settings. Specifically, diets high in starch (and especially maize in the pre-Columbian Western Hemisphere) have led to dental decay. Even among hunter-gatherers, however, the disease prevalence is sometimes greater among women compared with men because the former often consume more plant foods relative to meat. 21 Researchers have identified numerous factors associated with degenerative joint disease, including trauma, sex, bone density and nutrition, but the primary contributor is mechanical stress. Industrial laborers, for example, display patterns of joint deterioration in relation to habitual physical activity at work, which eventually leads to bony growth on joint margins. With progression, pitting occurs where the cartilaginous tissue covering the joint has failed, and erosion of bone on joint surfaces accompanies advanced stages of the disease. 22 Skeletal infections (periostitis) are inflammatory responses to bacterial invasion that produce loosely organized woven bone in its unhealed form and smooth but undulating or inflated bone tissue after healing. These inflections are seldom fatal when confined to small patches of bone but can lead to death if the infection progresses to vital organs. The infections are painful and usually limit mobility, dexterity, and strength.
Because the Staphylococcus and Streptococcus bacteria commonly involved are nearly ubiquitous and easily invade small wounds, the infections suggest a compromised immune system that results from poor net nutrition. Hence they are a good index of morbidity more generally. Unlike stature, which reflects net nutrition during the growing years, skeletal infections occur at virtually all ages and therefore provide a more complete picture of morbidity over the life cycle. 23 Age related bone loss underlies much skeletal injury in modern industrial societies. In archaeological settings bone loss is also a risk factor for older individuals (above age 45) but fractures or shattered bones are usually concentrated among older children and young adults who travel over hazardous terrain, work in dangerous occupations, or engage in warfare or otherwise become victims of interpersonal violence.
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A review of numerous case studies shows enormous diversity in patterns of trauma .
Injuries in hazardous terrain are usually expressed in trauma on the lower limbs, as for example when a fracture of the wrist or lower radius follows from an attempt to break a forward fall. Parry fractures of the middle radius or ulna often result from efforts to ward off a blow to the head, and their frequency is correlated with cranial injuries under patterns of intentional as opposed to accidental trauma. Table 3 shows the regression coefficients of index components on ecological variables taken in categories. These coefficients are similar to those in the middle columns of Table 2 except that the dependent variables are components rather than the health index. The column under stature shows, for example, the coefficients estimated in 6 different simple regressions, one for each category of independent variable. The coefficients and their statistical significance are guides to influences on health, but results should be interpreted with caution because omitted variables could bias the coefficients.
In my view, it is preferable to consider specifications involving somewhat biased but precisely estimated coefficients than unbiased coefficients with large standard errors.
With this approach it can be hazardous to attribute specific environmental mechanisms of causation to the variables, but the scope for interpretation is narrowed by knowledge of biological processes that affect health. 24 The summary statistics at the bottom of Table 3 show that with the exception of trauma, the attributes of the health index displayed considerable variability across sites or localities. The range was particularly large for the childhood indicators of hypoplasias and stature. Low variability for trauma was not an artifact of the scale of measurement;
in the entire sample (65 localities) this mean score ranged from 10.8 to 100.0 and had a standard deviation of 16.1. Therefore trauma was relatively infrequent in the preColumbian period.
Unlike the other components of the health index, measured environmental variables had little effect on trauma, a result that holds in the larger sample of 65 localities or sites. Therefore its determinants should be studied as a process separate from other aspects of health. As suggested above, trauma did rise substantially after the arrival of Europeans, especially cranial injuries among men. At this point it is unknown whether the post-Columbian growth of trauma involved direct conflict between
Europeans and natives or resulted from tribal warfare precipitated by European presence. 25 Coastal living was advantageous for several aspects of health, particularly infections, dental health and DJD. With the possible exception of hypoplasias, however, coastal living did not protect the children, which indicates that adults were the primary beneficiaries. Diverse patterns of work and subsistence, combined with lower intensity of physical effort, were likely to have eased degenerative joint disease in coastal areas.
All childhood indicators as well as infections and possibly DJD suffered at high elevations, but this environment had no systematic consequence for dental decay.
Subsistence challenges were greater at higher elevations, but it is unknown why this was not expressed in dental decay. It is worth investigating whether the water at these sites contained minerals that protected teeth.
Urbanization and Health
The large and systematic negative impact of urban living merits additional were moderately urbanized by the late Middle Ages (the 14 th century), but the largest city, Ghent, probably had no more than 50,000 inhabitants, while London and Cologne held fewer than 40,000 people at this time. 26 Living in a paramount town or urban area was devastating for infections, and hard on the childhood indicators (hypoplasias, stature, and anemia) and on DJD, where the regression coefficients of Table 3 were statistically significant and large relative to the 25 standard deviations of the independent variables. Although it is difficult to allocate the effect of urban living between the pure effects of population size versus its association with other measured variables, large statistically significant effects are unlikely to have been primarily the result of specification bias. Use of domesticates was bad for degenerative joint disease, dental health, hypoplasias and infections, but unlike urban living, had no systematic consequences for stature, which suggests that older children living in cities and towns had avenues of nutritional protection that were unavailable to young children. The spread of European diseases has been noted as a major factor in the rapid 29 Demographic data available for the past couple of centuries repeatedly show that cities had relatively high death rates prior to the twentieth century, and thus a decline in health often accompanied industrialization, particularly in its urban locations. The skeletal evidence suggests that health costs of human aggregation long pre-dated industrialization, however, quite possibly extending back to the earliest urban centers.
Numerous social scientists have celebrated the early rise of civilization as an enormous human achievement that gave rise to government, laws, urbanization, interregional trade, new architecture, and so forth. While it was undeniably an accomplishment, scholars have considered mainly the asset side of the ledger, implicitly viewing the transition as an ancient free lunch. We now know that significant health penalties also accompanied early, large-scale human organization, and these costs should be recognized and incorporated into historical research. While the fall of civilizations is interesting, it is a crude measure of social performance.
Agenda
By linking skeletal health with climate data far more detailed than collected for the Western Hemisphere project, it will be possible to measure the connection between climate and human welfare with greater precision. 31 The National Science Founded recently funded a project that will gather and study substantial amounts of skeletal data from European populations that lived from the Paleolithic era to the late nineteenth century. This research laboratory is enriched by enormous diversity in conditions that were likely important for social performance over the millennia, including technology, climate, social organization, political structure, degree of urbanization and opportunities for trade. When combined with evidence from archaeology, historical documents, climate history, GIS and other sources, the skeletal data can be used to investigate a wide range of topics such as the health of women and children; long-term trends in patterns of trauma and violence; biological inequality; aging and health; geographic patterns of health; migration patterns informed by ancient DNA;
and the co-evolution of humans and disease using the DNA of ancient pathogens. Source: Calculated from the Western Hemisphere database. Notes: Using two-tailed tests, * = Significant at 0.10; ** = significant at 0.05; *** = significant at 0.01.
